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Analysis of Genetic Variation in Upper Willamette River Bull Trout Populations

Summary

Currently there are four local bull trout populasowithin the upper Willamette River
system as defined by the U.S. Fish and Wildlifeviserdraft bull trout recovery plan:
one in the upper McKenzie above Trail Bridge Damg o the upper McKenzie below
Trail Bridge Dam, one in the South Fork McKenzied&iand a re-introduced population
in the Middle Fork Willamette River. These four dpopulations are presently isolated
from one another by dams which lack fish passagéties. Fry have been transferred
from Anderson Creek (upper McKenzie below TrailggdDam) to other tributaries in
the system in order to increase population sizdsewestablish extirpated populations. In
this study we used a suite of 16 microsatellite iocharacterize levels of genetic
variation within upper Willamette bull trout poptitans, examine the genetic relationship
among bull trout populations, and determine howréh&tionship among populations had
been affected by fry transfers. We also evaludtixVels of genetic variation in a sample
of captive-reared bull trout were an adequate sspr&tion of the wild source
population. We found that levels of genetic vaoatwere lowest in a small population of
bull trout located in the upper McKenzie River abdvail Bridge Dam. When compared
to other bull trout populations in the mid and lev@®lumbia River basin, we observed
that levels of variation in the Willamette poputais tended to be lower than other
populations with greater connectivity among spagrareas. Our results suggested the
presence of three main populations/groups of bolittin the upper Willamette: one in
Roaring River, one in the upper McKenzie and omaigrthat consisted of Anderson
Creek and the tributaries that had received frinfAnderson Creek. Genetic
relationships among populations appear to have atected by contemporary forces
including dam construction and fry transfers ad welffidelity to natal spawning
tributaries. Levels of genetic variation in theim&oduced population in the Middle Fork
Willamette were comparable to those in AndersoreKréhe source population.
Estimates of genetic variation were significandwer in a sample of captive-reared fish
compared to the source population in Anderson Cree&lyses of relatedness suggest
that this is because the majority of these fishewsdosely related (i.e. full and half

siblings). Information from this report will fornmé basis for a genetic management plan
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that will provide guidance on what measures cataken to maintain and perhaps

increase current levels of genetic variabilityhege isolated populations.
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Introduction

Bull trout (Salvelinus confluentus) are currently listed as a threatened species
under the U.S. Endangered Species Act (U.S. FidhWidlife Service [USFWS] 1999).
Populations have declined in distribution and alaunce across the species range due to a
number of threats including introductions of novespecies, habitat degradation, and
habitat fragmentation (Rieman et al. 1997). Althotige long-term viability of bull trout
populations depends on the availability of largerexted habitat patches (Rieman and
Dunham 2000), in many watersheds bull trout prégexist as a series of isolated
populations due to the construction of impassahtesiand other barriers (e.g. culverts,
irrigation diversion structures) that have fragneehimportant migratory corridors. The
genetic consequences of population isolation aaghfientation have been previously
documented for bull trout and include the loss@iegic variability within populations,
reduced gene flow among populations, and exclusianigratory adults from spawning
areas (Nerass and Spruell 2001; Costello et aB;20Miteley et al. 2006; DeHaan et al.
2007). Fragmentation of populations by dams andrdihbitat alterations may also result
in genetic bottlenecks (Yamamoto et al. 2004),aased rates of inbreeding (Rieman and
Allendorf 2001), and changes in life history (Margt al. 2000).

The U.S. Fish and Wildlife Service Draft RecovefsuPfor bull trout currently
recognizes four local populations of bull trouthe upper Willamette River: one
population in the upper McKenzie River above TBaidge Dam, one population in the
upper McKenzie River below Trail Bridge Dam, ongplation in the South Fork
McKenzie River and one population in the Middle E@WF) Willamette (Figure 1). In
the upper McKenzie River above Trail Bridge Daml fnalut spawn in Sweetwater Creek
and the mainstem McKenzie River and below TraitiBe Dam bull trout spawn in
Anderson and Olallie Creeks. In the South Fork McKe bull trout spawn in Roaring
River and in the MF Willamette bull trout spawn n#@&ee springs and adjacent portions
of the MF Willamette. Extensive surveys in the MRlg¥nette in the 1990s documented
no bull trout and the population was presumed texiepated (USFWS 2002). This
population has subsequently been re-introducedyudsirfrom Anderson Creek in the

upper McKenzie below Trail Bridge Dam local popidat(see below).
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Bull trout habitat in the upper Willamette Rivershaeen extensively fragmented.
Although bull trout could migrate among the diffierepawning areas historically, three
of the four local populations (MF Willamette, RoagiRiver and the McKenzie above
Trail Bridge Dam) are presently isolated above rst@im dams which lack upstream fish
transport facilities (Figure 1). Additionally, spaing habitat in Sweetwater and Olallie
Creeks was inaccessible in the past because afuiverts which blocked upstream
migration of adult bull trout in these creeks. Teneslverts were removed/modified in the
1990s (Sweetwater Creek in 1992, Olallie Creekd85) to facilitate fish passage.
Extensive habitat fragmentation and the low numbéspawners in the upper
Willamette system raises concerns about the loggmétic and phenotypic variation
through genetic drift and the long term viabilitytbese populations (Rieman and
Allendorf 2001).

Given the concerns related to population abundandehabitat fragmentation in
the upper Willamette system, a number of manageawtituns have been implemented
to help bull trout recovery in the system. In mangas of the upper Willamette where
adult bull trout were susceptible to angling, firelhregulations have been modified in
order to protect bull trout. In recent years brdut captured below Trail Bridge Dam and
Cougar Dam have been transported upstream of tlaess so that they can access
spawning areas. As mentioned above, culverts ili©nd Sweetwater Creeks which
limited access to spawning areas were removed difi@d to re-establish connectivity.
There have also been transfers of bull trout frpagthe different spawning areas in the
upper Willamette River (Table 1). Following culvenbdification in Sweetwater Creek,
fry from Anderson Creek were transferred to Swetdn@reek from 1993 to 1999 in
order to help re-establish a spawning populatiorelatively small number of fry were
also transferred from Anderson to Olallie Creelk @94 and 1995 to help increase the
size of this population following culvert modificah. The most extensive fry transfers
were from Anderson Creek to the MF Willamette. Frb®®7 through 2005 over 10,000
fry were transferred to the MF Willamette in anoeffto re-establish a spawning
population. Starting in 2007 fry collected in Anglen Creek were first taken to the
Oregon Department of Fish and Wildlife Leaburg Ritdtchery for rearing and these
fish were transferred to Swift and Bear CreekhisnMF Willamette after six to eight
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months of hatchery rearing. An increase in bullitn@dd counts in many of the upper
Willamette spawning tributaries (Upper WillamettelBrrout Working Group 2008)
suggests that management activities have beenssfgtat increasing population sizes
in several of these tributaries (Figure 2).

Although population sizes have increased in marth@upper Willamette
spawning tributaries, little information exists aeding levels of genetic variability
within these isolated populations, the geneticti@ahip among remnant isolated
populations and how management actions such asférang fry among spawning
tributaries has affected levels of genetic varigbih the upper Willamette system.

A study by Spruell et al. (2003) using four micrasidte markers found that levels of
genetic variation within two upper Willamette btrthut populations were relatively low
and that these two populations were most genetisatlilar to other populations in the
lower Columbia River Basin. The development of maagable microsatellite markers
and the collection of bull trout from throughouethpper Willamette system seem to
warrant a more fine-scale genetic analysis, howdwathermore, the USFWS Draft Bull
Trout Recovery Plan (USFWS 2002), the Upper WillaenBasin Bull Trout Action Plan
(Upper Willamette Bull Trout Working Group 2008ycathe USFWS 2008 final
biological opinion on the operation and maintenaofcihe U.S. Army Corps of
Engineers Willamette Project (USFWS 2008) all idfexd a fine-scale genetic analysis
which could be used to develop a genetic manageptamtfor upper Willamette bull
trout as a priority for bull trout recovery planginThe purpose of this project therefore
was to conduct a thorough analysis of genetic faditiawithin and among upper
Willamette bull trout populations. Our project Hadr specific objectives:

1) To determine the level of genetic variability wiilthe upper Willamette
spawning populations and examine how habitat frajatien has affected
levels of variability

2) To examine the genetic relationship among bullttspawning populations
and determine how transfers of fry have affectegeirelationships

3) To determine if levels of genetic variation obseruefry that have been

reared at the Oregon Department of Fish and WédliEeaburg Hatchery are
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representative of the source population in AndeGaek and to determine if
Anderson Creek fry are a suitable population fgrtfanslocations

4) To use the baseline genetic dataset developed obgsatives 1 and 2 to
assign adults collected outside spawning aredseiomost likely population

of origin

Methods
Sample Collection

Baseline sampling efforts utilized a number of eliént techniques and targeted
various life history stages in each of the différgmawning tributaries. Collection efforts
in Anderson Creek, the upper McKenzie River, Cdallireek, and Sweetwater Creek
targeted juvenile bull trout. Juveniles from Ander<reek were collected in a screw trap
downstream from the Highway 126 culvert, juvenilethe upper McKenzie River were
collected with dip nets and juveniles in Olalliedd®weetwater Creeks were collected in
minnow traps. Baseline collection efforts in the Milamette targeted both juveniles
and adults and fish were collected in a screw tizgiream from the Forest Road 2143
bridge. Baseline collection efforts in Roaring Rit@geted adult fish collected in a
screw trap. Fin clips were taken from all indivithieollected and stored in 100% non-
denatured ethanol at ambient temperatures.

A number of adult bull trout were collected outsiof the spawning tributaries
and were treated as unknown origin fish for popolaassignments. These fish were
collected below Trail Bridge Dam by angling (n =& in Trail Bridge Reservoir (n =
42) using trap nets and frame traps. We also odxddin clips from a number of bull
trout fry that were taken to the Leaburg Hatcher2®07 and died prior to their release.
These fish were originally collected in Andersoreé€l in 2007 and were to be released
into the MF Willamette. These captive-reared sasiplere analyzed for comparison
with the age 1 and older juveniles collected in éustn Creek .

Laboratory Analysis
DNA was extracted from all samples using a moditikdlex extraction protocol
(Miller and Kapuscinski 1996). All individuals wegenotyped at a suite of 16
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microsatellite lociOmMmM1128, Omm1130 (Rexroad et al. 2001%c0102, Sco105, Scol06,
Sco0107, Scol09, (Washington Dept. of Fish and Wildliteapublished), Sco200, Sco202,
Sc0212, Sc0215, Sco216, Sco218, Sco220 (DeHaan and Ardren 2005018 (Angers et
al. 1995) anddmm?22 (Crane et al. 2004). PCR reactions were carri¢dolOul volumes
containing 21l of template DNA, &l of 2X QIAGEN Multiplex PCR Master Mix (final
concentration of 3mM MgG), and 0.2l of oligonucleotide PCR primer mix. Primer
mix concentrations and annealing temperaturesdon enultiplex are given in Appendix
1. PCR conditions were as follows: initial denatiora at 95°C for 15 minutes, then 29
cycles of 95°C for 30 seconds, 90 seconds at tHephex specific annealing temperature
and 60 seconds primer extension at 72°C, followed final extension at 60°C for 20
minutes. Following PCR, capillary electrophoresaswarried out on an ABI 3130xl
Genetic Analyzer (Applied Biosystems Inc., FostayGCA) following the
manufacturer’s protocols. The G5 filter set wasduseproduce electropherograms, and
electrophoresis data was analyzed using the proGamemapper v4.0 (Applied
Biosystems Inc.).

Satistical Analysis

For statistical analysis, bull trout were groupedading to the six spawning
tributaries they were collected from: Anderson Rréalallie Creek, Sweetwater Creek,
Upper McKenzie (Carmen Bypass Reach), Roaring Ravast MF Willamette. Captive-
reared samples from Leaburg Hatchery were grougedarately so that we could make
comparisons between the captive-reared fish ane&ésod Creek. Collections from the
six spawning tributaries and the captive-rearedviddals were tested for conformance
to Hardy-Weinberg equilibrium (HWE) using the pragr GENEPOP v3.4 (Raymond
and Rousset 1995). GENEPOP was also used to tdspepulation for linkage
disequilibrium. Tests for HWE and linkage diseduilim provide a means to evaluate if
a random sample has been collected from a populatitributary. Significance values
for HWE and linkage disequilibrium tests were atgdsfor multiple comparisons using a
sequential Bonferroni adjustment (Rice 1989). Wedute program GDA (Lewis and
Zaykin 2001) to estimate levels of genetic variaiiocluding mean numbers of alleles

per locus and observed and expected heterozyguesityn each population. In addition
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we used the program HP-Rare v1.0 (Kalinowski 2@6®stimate allelic richness for
each population based on a minimum sample siz@ gefes (two times the minimum
sample size). This program provides estimatesleli@atichness that have been corrected
for differences in sample size between populatiBagfulations were also tested for
evidence of recent (within the past 4-6 generajigesetic bottlenecks using the
program BOTTLENECK (Cornuet and Luikart 1996) asswgra two-phased model of
mutation. This method tests for an excess of heygates relative to the frequency of
alleles in the population (Luikart and Cornuet 1998

We used the program Fstat v2.9.3.2 (Goudet 200d3timate the overall level of
genetic variation among spawning populatidagr(Weir and Cockerham 1984) and the
associated 95% confidence level based on 1000tb@pteplicates. The sample of
captive-reared fish was also included in this asialyFstat was also used to estimate
levels of genetic variatior-gt) among all population pairs and to test pairwstineates
for significance. A Bonferroni correction (Rice ¥8&vas used to adjust significance
values of pairwis& st estimates for multiple comparisons. Using GENEP@#®,
performed a chi-squared contingency analysis terdehe if there were significant
differences in allele frequencies among the sewglations (i.e. genetically distinct
spawning groups). P-values were adjusted for maltpmparisons using a Bonferroni
correction (Rice 1989) as well as the B-Y FDR catioe described in Narum (2006).

We used two methods to examine the spatial gerettitonship among
populations. We first examined the multi-dimensiagenetic relationship among
populations by performing a correspondence ana(i#&i#\) using the program
GENETIX (Belkhir et al. 2004). This method is siarito a principal component analysis
and provides an unbiased graphical approach fevingethe data where individuals that
are more genetically similar cluster together andghaph. We also generated a consensus
neighbor-joining tree using the program Phylip v@-6lsenstein 1993). The bootstrap
procedure was first used to generate 1,000 repldtatiasets based on our observed allele
frequencies. We then estimated Cavalli-Sforza ashsldeds (1967) chord distances
between all population pairs and generated a censameighbor-joining tree based on

these values.
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We also wished to compare levels of genetic vianatbserved in the captive-
reared individuals to those observed in the sopogrilation in Anderson Creek to
determine if the level of variation observed in foeirce population was adequately
represented in the fish transported to the hatciggyperformed Wilcoxon ranked sum
tests to determine if there was a significant défeee in measures of genetic diversity
including expected and observed heterozygosityadletic richness between the captive-
reared fish and the juveniles collected from Ander€reek. We used the program
Kinship v1.3.1 (Goodnight and Queller 1999) torastie the degree of relatedness (Rxy;
Queller and Goodnight 1989) among all pairs ofvidiials in each group. This measure
provides an estimate of how much genetic matesialibdividuals have in common
relative to the population average. In this casgwpse relatedness values were
compared to the population average observed ijuttemile samples from Anderson
Creek, the wild source population. Estimates of Rayge from -1.0 to 1.0 with a value
of 0 suggesting two individuals are unrelated, fpasivalues indicating increased
relatedness and negative values indicating twoiddals are less related than the
population average. We performed a Wilcoxon tesketiermine if there was a significant
difference in the distribution of relatedness valbetween the samples. Additionally we
used the methods of Wang (2004) implemented iptbgram COLONY to partition the
Anderson Creek juveniles and the captive-rearddifito half and full sibling families.
We examined levels of genetic variation among thdekson Creek juveniles and the
captive-reared fishHst) to determine if there was significant geneticedgence between
these two populations and if so, how this compé#wedte level of variation we observed
among other population pairs in the upper Willamsitstem.

In order to assess our ability to correctly assigknown fish to their population
of origin we performed a jackknife analysis of taseline dataset using the program
WhichRun v4.1 (Banks and Eichert 2000). With thisgedure each individual fish is
removed from the baseline dataset and treated askanown. The allele frequencies for
each population are then recalculated withoutitidividual, and the individual is
assigned to its most likely population of origirsbd on a maximum likelihood
algorithm. The number of individuals that are assijto their true population of origin

provides a means of estimating the statistical paféhe baseline dataset to assign

10
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unknown individuals. Once we had determined thétalof the baseline dataset to
assign individuals, we used WhichRun to assigntadualllected in Trail Bridge
Reservoir and below Trail Bridge Dam to their fiasid second most likely population of
origin. Confidence estimates for our assignmermisasent the likelihood ratio between
the first and second most likely populations (ilkelihood individual originated from

population #1/likelihood individual originated fropopulation #2).

Results
Levels of genetic variation within populations

Four of the 16 microsatellite loci we analyz&dy102, Sco202, Sco215 and
018, were fixed for one allele (i.e. there was no a@on at these loci). All six
populations conformed to HWE expectations withekeeption of the upper McKenzie
population (Carmen Bypass Reach) which deviate tHWE at a single locus
(Omm1128) due to a deficiency of heterozygotes. The sampbéaptive-reared fish
deviated from HWE at three locd@mm1130 andSco109 due to a heterozygote excess
andSco220 due to a heterozygote deficiency. All pairs ofi were in linkage
equilibrium in the samples from MF Willamette ande®twater Creek. The remaining
populations had the following number of locus péinst of 66) that were out of
equilibrium: Anderson Creek 12 pairs of loci, uppaKenzie 2 pairs of loci, Olallie
Creek 3 pairs of loci, Roaring River 4 pairs ofiJ@nd the captive-reared fish had 8 pairs
of loci out of equilibrium.

All estimates of genetic variation were lowesthe samples collected from the
upper McKenzie River (Table 2). Estimates of themeumber of alleles per locus,
allelic richness, and expected heterozygosity \aérgreatest in the juvenile samples
from Anderson Creek (4.813, 4.240, and 0.488 rasdy; Table 2). Observed
heterozygosity was greatest in the samples fromeSvater Creek (0.522; Table 2).
None of the populations showed evidence of a regemétic bottleneck.

Levels of genetic variation among populations

The overall level of genetic variation among p@pioins (i.e Fst) we observed
was 0.181 and was found to be significantly diffeéfeom 0.0 (95% C.I. = 0.143-0.225).

11
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We observed the least amount of pairwise genetiati@n among the populations in
Sweetwater Creek and Anderson Creek and the MFakvétte and Anderson Creek
(both estimates of pairwigésr= 0.021; Table 3) and the greatest amount of geneti
variation among the upper McKenzie population andrtg River (pairwis&sr=
0.346; Table 3). In general we observed lower edeof variation among Anderson
Creek and populations that had received fry transfem Anderson Creek (e.g. MF
Willamette, Sweetwater) and the level of variattznong remnant populations
(Anderson, Roaring River, upper McKenzie) was codasibly greater (Table 3). All
pairwise estimates of variation were significardifferent from 0.0 following Bonferroni
correction. Chi-squared contingency tests revethlatiallele frequencies were
significantly different among all population pafodlowing Bonferroni and B-Y FDR
correction.

Axis 1 on the FCA plot separated the individuatsrf Roaring River (dark blue
squares) from all other populations and explaine@71% of the variance we observed.
Axis 2 on the FCA plot separated the majority @& tipper McKenzie samples (white
squares) from the other samples and explained 5@3be variation (Figure 3). The
remaining samples from Anderson Creek, Olallie €r&sveetwater Creek, MF
Willamette and the captive-reared fish all clusiei@gyether on the plot (Figure 3). A
third axis on the graph (not shown) showed somsteting of individuals from the
remaining populations. Anderson Creek, the fisme@at the hatchery, and the
populations that had received fry transfers frondémson Creek all grouped together on
the neighbor-joining tree with low bootstrap supgéigure 4). Branches on the tree for
these populations were relatively short indicatmgeased genetic similarity. The
samples from Roaring River and the upper McKenmeiged separately from this

cluster with 100% bootstrap support (Figure 4).

Comparisons between captive-reared fish and Anderson Creek

As noted above we observed three loci that devititen HWE expectations in
the captive-reared fish and none in the Anders@eCjuveniles. Estimates of genetic
variation within the captive-reared sample of figfre lower than those observed in

Anderson Creek (Table 2). Wilcoxon signed rankst@sdicated that there was a
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significant difference in allelic richness (P =@3) and expected heterozygosity (P =
0.014) between the two samples but no significéférénce in observed heterozygosity
(P = 0.485). Both pairwise estimatesgf (Fst = 0.047) and chi-squared contingency
analysis indicated that there was a significarfedi#ince in allele frequencies among the
two groups.

The mean level of pairwise relatedness for the AsateCreek juveniles was
0.040 and the mean level of pairwise relatednasth&captive-reared fish was 0.104. A
Wilcoxon test indicated there was a significantedé#nce in the distribution of
relatedness values between the two groups (P<0.G0fiire 5). Using the program
COLONY we identified 24 full sibling families an@®half sibling families in the sample
of Anderson Creek juveniles. All of the full sibdjriamilies contained four or less
individuals with the exception of one family of k@lividuals. In the group of captive-
reared fish we identified 12 full sibling familiesd seven half sibling families. Ten of
the full sibling families contained three or lesdividuals. The remaining two full sibling
families contained seven and 23 individuals andelte/o families shared one parent (i.e.
half sibling families). In other words, 30 of th& daptive-reared fish we analyzed shared

one parent.

Genetic Assignments

The proportion of individuals correctly assignedteir population of origin in
the jackknife analysis ranged from 0.680 for Ander€reek to 1.000 for Roaring River
(Table 4). None of the individuals from the MF Viithette were assigned to the MF
Willamette; instead they all assigned to either éi3dn Creek or one of the populations
that had received fry from Anderson Creek. Of timefish collected below Trail Bridge
Dam, two were genetically assigned to Anderson KCigee were assigned to the upper
McKenzie and two were assigned to Sweetwater C@ethe 42 fish collected in Trail
Bridge Reservoir, one was assigned to AndersonkCB2&were assigned to the upper
McKenzie and nine were assigned to Sweetwater Creek

Discussion

Levels of variation within and among populations
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Maintaining genetic variation is important for tle@g term persistence of natural
populations (Allendorf and Luikart 2007). Among s@awning tributaries we examined
in this study, levels of genetic variation were siderably lower in the upper McKenzie
River (Table 2) suggesting that this tributary supga spawning population with a
relatively small effective size. Although redd ctaim the upper McKenzie have
increased in recent years (Figure 2), they rengatively low suggesting a small
spawning population persists in this tributary (ep@illamette Bull Trout Working
Group 2008). Although none of the populations shibexdence of a recent genetic
bottleneck (approximately the last 5 generatiolosy,levels of genetic variation and low
population size suggest that a bottleneck likelyuoed in this population historically.
Given the correlation between reductions in gengr@bility and increased risk of
extinction, the remnant population in the upper MoKie seems to be a high priority for
conservation measures to help to increase theosibés population.

Recently the USFWS completed an analysis of gematiation across the
geographic range of bull trout in the United Stasr study of Willamette bull trout
utilized the same set of same genetic markersissathge-wide study which allows us to
compare levels of genetic variation observed inthikamette to other populations in the
Columbia River basin and across the species rdgjgnates of genetic variation
including allelic richness and observed and expkhtterozygosity ranged widely
among lower and mid-Columbia bull trout populati@amsl estimates from Willamette
populations were close to the mean values we obd€kySFWunpublished data). The
upper McKenzie population was an exception howdeggls of variation in the upper
McKenzie were the lowest we observed among alldiver and mid Columbia
populations. Previous studies have demonstratégdpaulations of fish isolated above
barriers often show reduced levels of genetic Yélitg (Costello et al. 2003; Wofford et
al. 2005; Neville et al. 2006; DeHaan et al. 200Vhen compared with other watersheds
with greater connectivity among bull trout popubais, levels of variation within the
Willamette system were much lower. For examplehenMetolius River, where no
barriers to migration exist, we observed greateamestimates of allelic richness,

expected and observed heterozygosity (5.65, 0.8®&9 respectively; DeHaan et al.
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2008). These results suggest that isolation hasibated to reductions in levels of
genetic variation within upper Willamette bull ttquopulations.

The relatively high level of genetic variatiom wbserved among populations
(globalFst=0.181) is similar to that observed in other Ixdlut populations across the
species range and suggests a high degree of gpoetitation structure (Nerass and
Spruell 2001; Costello et al. 2003; Whiteley et2fl06; DeHaan et al. 2007). The FCA
plot (Figure 3) and the neighbor-joining tree (Feyd) suggest that there are three
genetically distinct groups of bull trout in thepge Willamette; one in the upper
McKenzie, one in Roaring River and one group cdimgjof Anderson Creek and the
tributaries that have received fry transfers frondArson Creek. Contemporary forces
including dam construction have played a large peshaping the genetic population
structure of upper Willamette bull trout populaso®mall isolated populations such as
those in the upper Willamette experience increastxs of genetic drift and subsequently
differences among populations become accentuatéeh@rf and Luikart 2007). The
fact that multiple loci which are variable in oth®ill trout populations were fixed in this
study suggests increased rates of genetic driftarupper Willamette and this likely
contributes to the relatively high levels of vaonatwe observed among the different
populations. Fry transfers among populations hése@iafluenced the genetic structure
of upper Willamette bull trout. All of the populatis that have received fry from
Anderson Creek grouped together on the FCA plottaadNJ tree. Furthermore pairwise
Fstestimates among these populations were substgritalér than estimates among
populations that had not received fry. Althoughl inalut populations in close geographic
proximity tend to be more genetically similar (Nesand Spruell 2001; Costello et al.
2003; Whiteley et al. 2006) the upper McKenzie Rigggeographically close to
Anderson Creek and the populations that receiwe(eitcept MF Willamette), yet it is
genetically quite diverged (Figure 4; Table 3).

Despite the influence that contemporary factorsehed on the genetic structure
of bull trout in the upper Willamette, historicalogesses have likely also played a role in
shaping patterns of population structure. Data ssigipat although individuals could
migrate throughout the upper Willamette River hislly, there was likely a high level
of fidelity to spawning tributaries and geneticalligtinct spawning populations existed
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within tributaries. The Roaring River populatioropides evidence of this; many of the
most common alleles observed in the Roaring Riegufation at several loci are not
found in Anderson Creek or the upper McKenziepHwning individuals frequently
migrated among these populations in the past wddvmat expect to see as many private
alleles in this remnant population. Patterns of tsalt population structure have been
linked to historical processes in many other wéieds as well (Costello et al. 2003;
Whiteley et al. 2006).

The MF Willamette appears most genetically simitaAnderson Creek, despite
the fact that it is separated from Anderson Creekdveral hundred river kilometers and
multiple impassable dams. The population in the\Wifamette was presumed
extirpated and was re-introduced using fry from émsthn Creek starting in the late
1990s. Spawning adults and juveniles observedarvth Willamette following re-
introduction efforts were presumed to have origtdah Anderson Creek but the
possibility existed that some of these fish weranmant Middle Fork fish. The fact that
we observed no loci that deviated from HWE or ligg&aquilibrium in the MF
Willamette collection suggests a single spawningutetion derived from Anderson
Creek is present in the MF Willamette. One impdrtarestion is whether the re-
introduced population in the MF Willamette is areqdate representation of the genetic
variation present in Anderson Creek. We observemhajor differences in measures of
allelic richness, expected and observed heterosyguostween these two populations
suggesting that levels of genetic variation witthiea MF Willamette were comparable to

those observed in Anderson Creek.

Comparisons between Anderson Creek and captive-reared fish

Estimates of genetic variation including allelichmess and expected
heterozygosity were significantly lower in the gpoaf captive-reared fish than the
juveniles collected in Anderson Creek (the soummeutation). We also observed that
three of the 12 variable loci in the group of ceptreared fish deviated from HWE. Two
of these deviations were due to a deficiency oétotygotes, often an indication that a
number of closely related individuals have beenmad Analyses of the degree of

relatedness among the captive-reared fish indidhigdthe majority of these fish (30 of

16



Analysis of Genetic Variation in Upper Willamette River Bull Trout Populations

43) were from a half sibling family composed of tlmoge full-sibling families. The large
number of related individuals in the group of fiklat were reared in the hatchery could
be a cause for concern. Releasing large numbalesély related captive/hatchery-
reared fish into a wild population can lead toducion in effective population size in
the wild population (Ryman and Laikre 1991) as vasllan increased risk of inbreeding
(Duchesne and Bernatchez 2002).

There are several possible explanations for theased number of related
individuals we observed in the sample of captivared fish. One explanation is that
certain family groups were more likely to migrateashstream as fry rather than
juveniles. The fact that we did not see similarrdases in genetic variation and increased
relatedness in populations that received fry frondéyson (e.g. MF Willamette,
Sweetwater Creek) does not seem to support thisthgpis however. It is important to
note though, that samples from other populatiopsesent the offspring from multiple
years’ worth of fry transfers whereas the capteared sample consisted of a single year
class. Alternatively, the time period over whicshfiwere collected for hatchery rearing
in 2007 may have led to the collection of a grotipetated fish. Although fry migrated
downstream in Anderson Creek from February throighust, the fish that were reared
in the hatchery were collected over a span of tiweeks (Figure 6). Previous studies
have demonstrated that in some salmonid speciasgyof-the year and juveniles are
often distributed in family groups within streammsladuring downstream migration
(Carlsson et al. 2004; Olsen et al. 2004). If kalit also migrate downstream in family
groups, selecting fish from a truncated portiotheftotal downstream migration period
could lead to the collection of several relatedvittlials. Increased relatedness among
the captive-reared fish may also be due to the odeithwhich the fish were sampled at
the hatchery; genetic samples were taken from bagahortalities only. If certain family
groups had greater mortality rates in the hatchéry,could explain the large number of
related fish in the group we analyzed. In ordeesi this hypothesis we would need to
compare the hatchery mortalities to the fish thatised in the hatchery, unfortunately
we do not have genetic samples from captive-refisbdhat survived and were released
into the MF Willamette in 2007.
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In 2008 bull trout fry collected in Anderson Cresahd transported to the hatchery
were collected throughout a greater portion ofdbenstream migration period. Genetic
samples have been collected from the majority esetfish but they were not included in
the current study. Analysis of these samples irfuhee could help to clarify whether
increased relatedness we observed among the 2p@vVezeeared fish was due to the fact
that only certain families migrate downstream gsifrthe sample of fry taken to the
hatchery in 2007 was biased due to the short ¢@leperiod, if the sample of fish
selected for genetic analysis (mortalities onlysWwé&sed towards a small number of
family groups or if the increase in relatednessobserved was due to a combination of
these factors. We hope to be able to include tiicgmation in the genetic management

plan.

Genetic population assignments

Results of the jackknife analysis showed that wedaigh degree of confidence
for assigning unknown bull trout to their correciplation or genetic group (i.e.
Anderson Creek and associated tributaries). Thebeuwf baseline samples correctly
assigned from the upper McKenzie and Roaring Riaes greater than 0.90. Although
assignment success was lower for the other popukgtindividuals in populations that
had received fry from Anderson Creek were neaflgsdigned to Anderson or another
population that had received Anderson fry. Genabigulation assignments can be useful
in the future for assigning unknown origin fishleated downstream of dams or in the
mainstem McKenzie and Willamette to their mostlijkgopulation of origin. The fact
that five of nine fish collected below Trail Brid@am assigned to the upper McKenzie
population provides evidence that bull trout in Wdlamette are moving downstream
through dams and potentially being excluded frotalrgpawning populations. The
exclusion of large migratory bull trout from locgdawning populations has been
previously recognized as threat to bull trout pesice, particularly in small populations
such as the upper McKenzie (Rieman et al. 199mReand Dunham 2000; Nerass and
Spruell 2001).

Genetic Management Plan
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Our results indicate that isolation of bull trowtgolations in the upper Willamette
River has contributed to reduced genetic varighilitthin populations. In the Willamette
River, connectivity among isolated populations been supplemented by transfers of fry
from Anderson Creek. Although these methods apioelaave been effective at both re-
establishing and increasing the size of populatiqosstions regarding the genetic
implications of these measures persist. For examphe that a population has been re-
established in the MF Willamette, is it necessargdntinue to transfer fish from
Anderson Creek to this tributary in order to maimiavels of genetic variation? If so,
how many fish are necessary each year/generattva®ious studies have suggested that
one migrant per generation may be enough to maifgaels of genetic variation within
a population; however, this may not be adequatkarcase of small isolated populations
(Mills and Allendorf 1996). Furthermore, demographoehavioral and environmental
data may be equally important when making decisiegarding translocations (Tallmon
et al. 2004; Hedrick 2005).

Information presented in this report regardingels\of variation within each
population and current levels of gene flow amongybations will form the basis for a
genetic management plan that provides guidancehah measures can be taken to
maintain and perhaps increase current levels aétgewariability. We plan to explore a
number of different management strategies in tlas pnd discuss the pros and cons
associated with different strategies. Specificaleyhope to address: which populations
should serve as donor/source populations for futareslocation efforts, which
populations should be prioritized for receiving iinythe future, and how many successful
migrants or translocated fry per year or generati@necessary for maintaining and
increasing levels of diversity. We would also likeprovide further analysis of the
captive-reared fish including genetic analysisudsequent sampling years (2008 and
possibly 2009) that were representative of theeifity migration period. Additional
analyses will allow us to identify collection arelgase strategies that help to maximize
effective size and genetic variation in the capteared fish. Funding for the
development of a genetic management plan has beeitded to Abernathy Fish
Technology Center by the U.S. Army Corps of Engisesd we anticipate completion

of a draft genetic management plan for review byt&aber 30, 2009.
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Table 1. Numbers of bull trout fry transferred from Anderd0reek to Willamette
River spawning tributaries from 1993 to 2005. Dadartesy of U.S. Forest Service
and Oregon Department of Fish and Wildlife.

Year Tributary
Olallie Cr. Sweetwater Cr. MF Willamette R.
1993 - 314 -
1994 245 507 -
1995 313 590 -
1996 - 894 -
1997 112 1193 202
1998 - 1889 1497
1999 - 997 1978
2000 - - 2787
2001 - - 1458
2002 - - 290
2003 - - 1462
2004 - - 617
2005 - - 142
TOTAL 670 6384 10433

Table 2. Estimates ofjenetic variation (based on 12 variable microsggdtbci) within
six upper Willamette bull trout spawning populasas well as Anderson Creek fry
reared at Leaburg Fish Hatchery.

Population n A A R He H,

Captive-Reared 43 3.938 3.545 0.443 0.481
Anderson Creek 50 4.813 4.240 0.488 0.507
Upper McKenzie 25 2.813 2.706 0.345 0.321
Olallie Creek 39 4.250 3.755 0.417 0.412
Sweetwater Creek 20 3.938 3.938 0.482 0.522
MF Willamette 26 4.375 4.218 0.468 0.450
Roaring River 84 3.750 3.341 0.417 0.433
Mean 3.982 3.678 0.437 0.446

n = # Samples analyzed

A = Mean # alleles per locus
Agr = Allelic richness

H. = Heterozygosity expected
H, = Heterozygosity observed
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Table 3. Estimates of genetic variatioR4y) among six upper Willamette River bull
trout populations and fish reared at Leaburg Fialchkry.

Captive- Anderson Upper Olallie Sweetwater MF
Reared Creek McKenzie  Creek Creek  Willamette

Anderson Creek 0.047

Upper McKenzie 0.221 0.169

Olallie Creek 0.097 0.056 0.252

Sweetwater Creek 0.055 0.021 0.232 0.079

MF Willamette 0.042 0.021 0.163 0.069 0.042

Roaring River 0.267 0.219 0.346 0.250 0.243 0.219

Table 4. Proportion of individuals assigned to each basgtiopulation in the jackknife
analysis.

Assigned To:
Collected From: | Anderson  Upper Olallie Sweetwater  MF Roaring

Creek  McKenzie  Creek Creek  Willamette  River
/Anderson Creek 0.680 0.060 0.100 0.160 0.000 0.000
Upper McKenzie 0.000 0.920 0.000 0.080 0.000 0.000
Olallie Creek 0.077 0.000 0.846 0.077 0.000 0.000
Sweetwater Creek | 0.200 0.000 0.000 0.800 0.000 0.000
MF Willamette 0.500 0.115 0.077 0.308 0.000 0.000
Roaring River 0.000 0.000 0.000 0.000 0.000 1.000
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Figure 1. Upper Willamette River system, Oregon. Bull trepawning areas (sampling
locations for this study) are shown in red.
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Figure 2. Total number of bull trout redds counted annuilthe Upper Willamette
River core area since counts began in 1989. Dataetid counts prior to 1999 should be
interpreted with caution, as some surveys onlyudet a portion of the known spawning
distribution (as discovered in subsequent survagd)were not repeated intra-annually
with the increased frequency of later surveys. pataided by the Oregon Department
of Fish and Wildlife and the U.S. Forest Serviceallakhette National Forest.

28



Analysis of Genetic Variation in Upper Willamette River Bull Trout Populations

Willamette Scod. gt

- B T g
o = mE . i
m| ' :
O .E:.F .! "f‘:-. 5 |
O Lk L . |
=y gy . ull o
= = L 1 L]
LN b . “U'E".' """ ..: """" '''''''''''''''''''''''''''''' [ | "F g Ny ¥ L
u e o : ] [ [ |
wl, " : m " o
& ] m '. : .
a m H m ] :
o, m = B :
p at s s
4 o . ! |
O oo 0
& s _ g
7 o g9 R _ Keyto Populatons | I
O 0 B Roaring River B Sweetwater Creek !
- % = [0 Upper McKenzie [ Olallie Creek
= DE o B MF Willamette ] Captive-Reared
Eﬂ O B Anderson Creek
] 1

Axe 1(11.27 %)

Figure 3. Correspondence analysis (FCA) of bull trout ca#ddn the upper Willamette River system. Each poimthe graph
represents an individual bull trout in the analyBigints that cluster closer together are moretgetky similar.
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Figure 4. Neighbor-joining tree based on Cavalli-Sforza adev&rds (1967) chord
distance showing the genetic relationship amongéven sampling sites in this study.
Values on the nodes represent the number of baptetplicates (out of 1000) that
showed the displayed arrangement.

30



Analysis of Genetic Variation in Upper Willamette River Bull Trout Populations

Anderson Creek Relatedness

0.18 + —o— Captive-Reared
—— Anderson Creek

Frequency

-1 -08 -06 04 -02 0 0.2 0.4 0.6 0.8 1
Rxy (Queller and Goodnight 1989)

Figure 5. Distribution of pairwise relatedness values (Rxy)jtivenile bull trout collected in Anderson Creskd Captive-reared bull
trout fry from 2007. We found a significant diffei@e (Wilcoxon test P<0.0001) in the distributiorreiitedness values between the

two groups
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Figure 6. Estimated number and timing of bull trout fry mogidownstream past the
Anderson Creek screw trap located below the Hight&6/culvert and the number and
timing of bull trout fry transferred to Leaburg foaptive-rearing in 2007. Data provided
by the Oregon Department of Fish and Wildlife.
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Appendix 1. Bull trout PCR multiplex primer concentrations arthealing temperatures.

Multiplex Set 1 T A=54°C

Final
Locus Name Dye Concentration
Sfol8 6FAM 0.3uM
Sco212 VIC 1.0uM
Sco220 NED 3.3uM
Sco216 PET 4.0uM
Scol09 6FAM 6.6uM
Multiplex Set 2 T A=59°C

Final
Locus Name Dye Concentration
Sco0202 6FAM 0.6pM
Sco102 PET 1.0uM
Sco215 PET 1.3uM
Sco200 VIC 2.0uM
Omm1128 VIC 2.0uM
Scol05 NED 1.3pM
Smm22 6FAM 4.6uM
Multiplex Set 3 T A=56°C

Final
Locus Name Dye Concentration
Scol106 6FAM 1.0uM
Scol07 VIC 2.6uM
Omm1130 NED 5.3uM
Sco0218 PET 3.3uM

Ta= Annealing temperature
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